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IN the control of glanders the first and most important require
ment is an accurate diagnosis. The inoculation method of Strauss
gave much assistance in cases of apparent lesions, from which
inoculating material could be obtained. This, however, did not
afford assistance in cases of horses which had been exposed to the
disease, but which did not exhibit symptoms or lesions of the malady.
Mallein was welcomed as a means of detecting the disease in cases of
this kind and in obscure cases generally, but its application has not
been altogether satisfactory. Its limitations have not been so clearly
defined as those of tuberculin, and the obstacles and compli
cations in its use render many of the results difficult of interpretation.
For these reasons a method that can be applied by a trained man,
eliminating nearly if not all of the troublesome features of the mal
lein test, is worthy of careful consideration.

The agglutination method of diagnosis, which was first applied to
glanders by M'Fadyean, was recommended in the work of control of
the disease by Schlitz and Miessner, and by Schniirer, and more
recently studied in this laboratory, offers a possible solution for
several of the difficult features in the diagnosis of glanders.

The method as formulated by Schutz and Miessner has been
officially adopted for the diagnosis of glanders generally in Prussia.
When there are cases of suspected glanders, the veterinarian or official
in charge applies for sterile bottles, which are forwarded from the
laboratory to receive the blood. The specimen of blood and the
horse from which it was taken are given a number for identification,
and the samples are sent to the laboratory. The test is made and
the results reported, with directions for the disposition of the animal.

In Austria, Schnurer makes the diagnosis of glanders in suspected
cases for the Austrian army. His method of procedure is practically
the same as that of Schutz and Miessner, and he reports it as more
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accurate than any other method for the diagnosis of this disease.
During the last year, Moore, Taylor, and Giltner have tested the
method very carefully, using it in the diagnosis of a considerable
number of cases of suspected glanders with very satisfactory results.
Dr. Berns, a veterinary practitioner of Brooklyn, N. Y., has used it
for the last six months in his practice, and reports the most satis
factory results from it in 170 horses to which he had applied it at the
time of writing.

The development of the method can be followed from the writings
of M'Fadyean, Bourget and Mery, Arpad, Fedorowsky, Rabieaux,
Reinecke, and Bonome.

Schlitz and Miessner recommend the use of glanders bacteria
that have been killed by heating them for two hours at 60° C. The
killed organisms were suspended in a carbolized-salt solution. The
suspension was made of a light-greyish color and distributed in small
test tubes, 2 C.C. in each. Various quantities of the diluted blood
serum were added to this emulsion, and the mixture incubated for

24-30 hours at 3t C.
The results of these experiments demonstrated that while the

blood-serum of healthy horses agglutinated the bacteria in dilutions
of 1-400 at the highest, the serum of glandered horses reacted in
dilutions of from 1-1,000 to 1-2,000. The blood-serum of horses
artificially infected with a virulent culture gave a reaction beginning
on the fifth to the seventh day after inoculation, the agglutinating
power increasing during the following four of five days, remaining
at its maximum for about one month, and after that gradually dimin
ishing. This is of practical importance in detecting glanders in a
stable where infected horses have been destroyed, the test being made
two or three weeks later. Experience led to the belief that a previous
malleination had no effect on the agglutinating power of the serum.

The blood of non-glandered but diseased horses reacted occa
sionally in higher dilutions. Thus it is found in 'cases of pleurisy
and pneumonia that a reaction occurred in a dilution of 1-1,000,

while in other cases it did not occur in dilutions higher than 1-800.

In the Pathological Institute in the Veterinary College in Berlin, dur
ing two years, the blood-serum of 2,209 horses was tested for glanders
with the following results:
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Of I,9II horses free from glanders; in

1,232 or 64.8 per cent the blood-serum agglutinated
363 "19.0" """ "
135 " 7. 1
123 " 6·4 "
41 " 2.2 "
II " 0.5 "

1-100 to 1-300
1-400
1-500
1-600
1-800
1-1,000

A reaction higher than 1-1,000 was not observed in a single case.
Of 298 glandered horses; in

6 or 2.0 per cent the blood-serum agglutinated at 1-400
12" 4.0" """ "" 1-500
44" 14. 8 " " 1-600
47" 15. 8 " " 1-800
75" 25. 2 1-1,000
49" 16·4 " 1-1,500
65" 21.8 1-2,000

A study of these tables shows that the greater percentage of reac
tions with normal serum has been with very low dilutions, while
the greater percentage with glandered serum has reacted in dilutions
so high that they were positively diagnostic. Experience shows
that in glandered horses the agglutinating power of the blood is with
the passing of time gradually diminished, while in horses free from
glanders the agglutinating power of the blood does not change.
Based upon their experience, Schlitz and Miessner recommend the
following method for the eradication of glanders:

Twenty to 50 grams of blood are taken from the glandered or suspected horse,
the date and history of the case being recorded and sent to the experiment station.

All horses whose blood agglutinates in dilutions of 1-1,000 or higher should be
destroyed.

In the same way, all horses should be destroyed whose blood agglutinates in
dilutions of only 1-500 to 1-800, if they show symptoms of glanders.

All other horses in which the agglutination is 1-500 to I-SoO should be isolated
and destroyed only when justified by a second test, in which the maximum dilution
for agglutination is changed; on the other hand, they may be pronounced free from
glanders if at the second test the dilution remains unchanged.

After glanders is established, the blood of horses in the same stable should be
tested after three weeks; and this should be repeated until the last two tests show in
all horses individually a uniform reaction.

In our work we have applied the general method recommended by Schlitz and
Miessner, with such slight modifications as seemed desirable. The method for the
routine diagnosis which we have found to be very satisfactory is as follows:

Culture.-As pointed out by Schutz and Miessner, all cultures of B. mallei do
do not agglutinate satisfactorily. It was also shown by their work that a suitable
culture when obtained is liable, at unexpected intervals, to lose its responsiveness to
the agglutinin. This can be prevented by passing the organisms through a guinea
pig at least once in three weeks. The organisms were grown for from 48 to 72 hours
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on acid-glycerin agar (5 per cent glycerin and with a reaction of +2.9 to phenol
phthalein). In order to have a suitable culture on hand, subcultures should be made
daily. A culture more than 72 hours old should not be used in preparing the test
fluid.

Test-flu:Ul.-The test-fluid is prepared by washing the growth from the agar
culture by the aid of a sterile wire loop into distilled water containing 0.85 per cent
sodium chloride and 0.5 per cent carbolic-acid crystals. This suspension is then
placed in a thermostat at 60° C. for two hours, which kills the bacteria. A tempera
ture higher than 65° C. or lower than 60° C. should be avoided. After heating, the
suspension is thoroughly triturated and filtered through sterile cotton. Thorough
trituration of the emulsified growth is essential before filtering. The filtrate thus
prepared is diluted with the carbolized-salt solution until it is of a faintly cloudy appear
ance. The proper dilution of the filtrate can only be determined by experience.
The test-fluid gives the best results when made with freshly prepared carbolized-salt
solutions.

Procuring the serum.-The serum is easily obtained. At least 10 c.c. of blood
are drawn from the jugular vein, under aseptic precautions, into a small sterile bottle,
and sent to the laboratory. As soon as the clot forms, the supernatant serum is placed
in a centrifuge and all the sediment thrown down, leaving the liquid perfectly clear.
One c.c. of the serum is then added to 39 c.c, of a physiological salt solution, which
makes a dilution of 1-40. It is desirable that the serum should be secured as soon
as possible after the blood is drawn. If necessary to delay the test, the serum has
given the best results if kept at about 10° C. until used. The diluted serum tends
to deteriorate if kept more than 24 to 48 hOUTS. Even during this time it should be
kept at a low temperature. Serum that has decomposed should not be used.

Making the test.-Three c.c. of the "test-fluid" are placed in each of several
small test-tubes. With a sterile pipette, the diluted serum is added to the tubes of
test-fluid and thoroughly mixed. In making the different dilutions, the amount of
diluted serum to be used is readily ascertained by the following table:

TABLE I.

Dilution of Amount of Di- Amount of DilutionSerum luted Serum Test-Fluid

1-40 1.2 c.c, 3 C.C. 1-100

1-40 0.6 3 1-200
1-40 0.405 3 1-300
1-40 0·3 3 1-400
1-40 0.24 3 1-500
1-40 0.195 3 1-600
1-40 0.15 3 1-800

1-40 0.12 3 1-1,000

1-40 0.105 3 1-1,200

1-40 0.09 3 1-1,500
1-40 0.06 3 1-2,000

1-40 0.03 3 1-4,000
1-40 0. 0 15 3 1-8,000

Where dilutions greater than 1-1,000 are made, a serum diluted 1-80 may be
used to better advantage, unless the pipette employed is very finely graduated. In this
case the amount of diluted serum for a certain dilution must be double that indicated
in the table.

The mixture thus prepared is placed in an incubator at 370 C. for 24-30 hours.
A temperature higher than 37° C. interferes with the agglutination.
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Reaction.-The reaction consists of a layer of the agglutinated bacteria cover
ing the entire convexity at the bottom of the tube. This film-like sediment may become
so dense that it rolls in at the periphery. The supernatant fluid becomes clear in the
lower dilutions, but in the higher ones the clarification may not be complete, showing
that all the bacteria have not become agglutinated. This is further evinced by the
fact that the layer is less dense in the higher dilutions. The reaction may begin in
six hours, but cannot be considered complete until 24 to 26 hours have elapsed. If
no reaction appears in 24 hours it cannot be considered negative, as it may occur in
from 30 to 40 hours after setting. Often, however, a reaction appears in less than
24 hours.

After the agglutination is completed, further standing produces no visible change
in the test-fluid.

A negative result shows a small round concentrated spot of sediment in the center
of the convexity at the bottom of the tube, the test-fluid remaining apparently unchanged
even after several weeks.

In our examinations, we have confined our work very largely to
the macroscopic appearances. It is believed, however, that not
infrequently helpful information could be obtained by a micro
scopic examination as well. However, we have not found it safe to
depend on a microscopic reaction for diagnosis, because of the varia
bility of horse sera in agglutinating B. mallei. Often the microscope
will reveal the presence of clumping, when macroscopically it cannot
be detected. Our experience has led to the belief that a high dilution
microscopic reaction cannot be considered diagnostic. The macro
scopic precipitation of the agglutinated bacteria seems to be essential
before drawing conclusions. In testing suspected blood, we have
followed the plan of making for each examination dilutions of I-200,

1-500, 1-800, 1-1,000 and 1-1,200. If a reaction took place at I-1200

higher dilutions were tested. By this method we were able to
tell if the culture were reliable by observing the reaction at the dilu
tion of 1-200 as this should agglutinate even with non-glandered
serum. If a reaction occurred in the absence of symptoms at 1-800,

the case was considered suspicious and retested in from a few days to
three weeks later. If a reaction appeared at 1-1,000, 1-1,200 or
higher, the animal was considered glandered.

Thus far, as shown in Tables I and 2, we have not had a reaction
with the serum from a non-glandered horse above 1-500. The
majority failed to react above 1-400. In all cases where we have
had a reaction of 1-1,000 or higher, the animal has shown conclusive
clinical evidence of glanders, or upon postmortem examination has
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exhibited characteristic lesions of that disease. This corresponds
to the findings of Schlitz and Miessner,

We have applied this test to the blood-serum of a total of 81

horses. Some of these were in good health; some were suffering
from diseases other than glanders; still others, and by far the largest
number, were believed to be glandered or suspected of having the
disease because of certain symptoms; or they appeared to be healthy
but had been exposed. A summary of the percentages of the maxi
mum dilutions of the serum at which agglutination occurred is
appended:

Of 19 healthy horses; in

3 or 15.8 per cent the maximum dilution was 1-200

2" 10.5 " "" " " "1-300

II" 57·9 " 1-400

3" 15. 8 " " 1-50 0

Of 12 diseased but not glandered horses; in

I or 8.3 per cent the maximum dilution was 1-200

5" 4 I ·7 " "" " " "1-30 0

4" 33·3 " 1-400

2" 16·7 " " 1-500

Of 50 horses suspected of having glanders; in

I or z per cent the maximum dilution was 1-3,200

I" Z " "" " " "1-2,800

I" 2 1-2,000

7" 14 " 1-1,600

14" 28 1-1,5°0
12" 24 1-1,400

4" 8 1-1,200

I" 2 1-1,000

I" 2 " I-800

8" 16 " I-5°° or less.

The dilutions in which agglutination occurred in the serum of
each of 68 horses including the three classes of cases are to be found
in Tables 2, 3, and 4·

The clinical history of all the cases recorded in Table 4 as reported
by the veterinarians who had them in charge shows that in every
case in which the macroscopic agglutination occurred in the maximum
dilution of 1-500 or lower the horse did not have glanders, and that
in every case in which agglutination occurred at dilutions of 1-1000

or higher the horse was suffering from some form of glanders.
The delicacy of the method is illustrated in case No. II. The

horse had been exposed, but showed at the time the blood was taken
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no evidence of the disease. Three weeks later it developed numerous
typical lesions. Again in No. IS the horse exhibited suspicious
symptoms, but it was thought by some veterinarians not to be glan
dered. After the test the horse was condemned, as it gave a positive
reaction to mallein, and on postmortem was found to contain typical
glanders lesions.

In two cases, not reported in this table, the agglutination occurred
with a maximum dilution of 1-400 and 1-500 respectively. These
we reported as negative; but the veterinarians in charge replied that
the horses were glandered and had been destroyed. Unfortunately
they were not examined postmortem.

It has already been pointed out by others that the agglutinating
power of the serum diminishes quite rapidly after the disease becomes
established. We have not had an opportunity to test this phase of
the reaction.

TABLE 2.

AGGLUTINATION OF B. mallei WITH SERUM FROM HEALTHY HORSES.

Number 1-100 1-200 1-300 I-4°° I-5°° 1--600 1-700 1-800 I-9°°
---------------------------

1. ............ + + + +
2 ............. + + + +
3············ . + + + +
4············ . + + + +
5·· .......... · + + + +
6 ............. + +,............. + +
8 ............. + +
9············ . + + +

10 .........•... + + + +
II............. + + + + +
12 ............. + + + +
13······ ....... + + + +
14············ . + + +
15····· .....•.. + + + +
16 ............. + + + +
17· .. ·· ........ + + + + +
18............. + + + + +
19············ . + + + +

TABLE 3.
AGGLUTINATION OF B. mallei WITH SERUM OF DISEASED BUT NOT GLANDERED HORSES.

Disease 1-100 1-200 1-300 1-400 1-500

Edema of nasal septum................... + + + +
Acute skin eruption ...................... + + + + +
Azoturia ................................ + + +
Azoturia ................................ + + +
Azoturia ........................•....... + +
Influenza. temperature 105.3°........•.... + + +
Pneumonia, temperature 102.3°.•.......... + + + +
Typhoid pneumonia. temperature 106.3°.... + + + + +
Typhoid pneumonia, temperature 103°...•.• + + +
Acute laminitis ......•...............••.. + + + +
Acute influenza, temperature 106.2°•....... + + + +
Distemper ..............•............... + + +
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TABLE 4.
AGGLUTINATION OF B. mallei WITH THE SERUM OF HORSES SUFFERING WITH OR SUSPECTED

OF HAVING GLANDERS.

0
0 0 0 0 0 8 § 8 8 0 8 0 0 8 8 0 0

8 ~ 8 8 0 8 0 0 0 0 0 0 0 0 0

No. 0 ~
Of "t II'l '0 00 Of "t II'l '0 ~ 00 0- 0

~
Of

Of r II'l '0 L ! r r ... ... Of Of Of Of Of Of Of Of "" ""I.. i.. i.. i.. i: !.. i: !. i: i.. i: i: i.. i.. i: !. I.. !.--- - - - - - - - -- - - - - - - - - - - - - - -
I .....•. + + + + + + + + + + +
2 ....... + + + + + + + + + + + + + + + + + + + + + + +
3.... ·•· + + + + + + + + + + +
4······· + + + + + + + + + + +
5.. · .... + + + + + + + + +
6....... + + + +
7....... + + + + + + + + +
8....... + + + + + + + + + + +
9······ . + + + + + + + + + + +

10••••••• + + +
II....... + + + + + + + + +
12....... + + + + + + + +
13··· .... + + + + + + + + + +
14······ . + + +
IS··· .... + + + + + +- + + + + +
16....... + + +
17···· ... + + +
18....... + + + + + + + + + +
19······ . + + + + + + + + + +
20••...•. + + + + + + + + + +
21....... + +
22....... + + + + + + + + + + + + +
23······ . + + + + + + + + + + + + + + + + + + +
24······ . + + + + + + + + + + +
25······ . + + + + + +
26....... + + + +
27······ . + + + + + + +
28....... + +
29······ . + + + + + + + + + +
3°······ . + + + + + + + +
31.· .. · .. + + + + + + + +
32 ••••••• + + + + + + + +
33······ . + + + + + + + + + +
34······ . + + + + + + + + + +
35· ...... + + + + + + + + +
36 ....... + + + + + + + + +
37·· .. · .. + + + + + + + + + +

Berns and Way report the application of this method during the
summer of 1906 in Dr. Berns's hospital. The following quotation
from their paper is of interest:

While the agglutination test is still in its infancy and our experiments are by no
means completed, and our cases not sufficient in number to warrant positive conclu
sions, we are of the opinion that this method is a most valuable aid in diagnosing
glanders, and from the above it would seem that this test not only reveals the presence
of infection, but, to a certain extent at least, the degree of infection, by the reaction being
either prompt or tardy, strong or weak, and the agglutination taking place in varying
proportions from 1-200 up to 1-1,200 or even higher.

The application of the serum diagnosis of glanders in state and
city sanitary work appears to have many advantages over the methods
heretofore employed. The blood can be drawn by any veterinarian
from the suspected horse with very little trouble and sent to the labora
tory. However, the fact should be kept in mind that the method
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DIAGNOSIS IN THE CONTROL OF GLANDERS 93

is a laboratory test. Its requirements are such that it cannot be
made in any bacteriological laboratory without sufficient notice and
preparation. The necessary solutions must be ready, and cultures
of B. mallei which are readily agglutinated must be in stock and of
the proper age. To keep these in hand, requires more time, labor,
and expense than can be given by laboratory men for an occasional
diagnosis. The practical work, therefore, will be restricted to boards
of health laboratories, or those doing the sanitary work for the city
or state, and perhaps to those of practitioners who have a large prac
tice in stables where cases of glanders are of common occurrence.
As in Prussia and Austria, it would seem advisable for each large city
and possibly state to have at least one laboratory where this work
could be done from these sterile bottles for collecting the blood,
and instructions could easily be sent to any veterinarian who wished
to have the diagnosis made.

CONCLUSIONS.

From the results we have obtained in testing the various procedures
in the serum diagnosis of glanders as set forth by various investigators
and summarized in the preceding pages, the following conclusions
seem to be warranted:

I. The diagnosis of glanders by the agglutination method is easier
and quite as accurate as by mallein. It has this advantage, that
it can be used in those cases where there is a rise of temperature, and
consequently where mallein could not be employed.

2. There appear to be no objections to the recommendations of
Schlitz and Miessner for the eradication of glanders based on this
method of diagnosis.

3. The maximum dilution of normal serum that we have found
capable of producing macroscopic agglutination is 1-500. This is
higher than that reported by others. It occurs, however, in but very
few cases.

4. The maximum agglutinating dilution of the serum of diseased
horses not glandered has not exceeded that of normal serum. This
is lower than that recorded by others. We recognize, however, that
our experience has been quite limited.

5. The interpretation of the results where the maximum dilution
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94 VERANUS A. MOORE AND WALTER J. TAYLOR

is about 1-500 gives the greatest difficulty. All cases of this kind,
unless there are unquestioned diagnostic symptoms or lesions, should
be retained for a subsequent test.

6. The method, while simple in its details, requires in its applica
tion the closest of attention and constant checking, because of the
liability of the culture losing unexpectedly its susceptibility to the
agglutinins.
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